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(54) CONTROL SYSTEM FOR WALKING AID 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a system capable of 
controlling an autonomous walking support rhythm while following up 
a change in a walking rhythm of a walker. 
SOLUTION: In a control system 100. a first vibrator (x) to be 
mutually pulled In with a walking vibrator (coxal angular velocity) \|/H' 
is generated while being reflected with an intrinsic angular velocity. 
Besides, a new intrinsic angular velocity comg is determined based 
upon the deviation of a first phase difference 6HM between the first 
vibrator (x) and the walking vibrator \|/H' from an optimal phase 
difference 6d. Further, a second vibrator (y) to be mutually pulled In 
with the walking vibrator \j/H while being reflected with the intrinsic 
angular velocity com and having a second phase difference Ohm 
closer to the optimal phase difference 9d rather than the first phase 
difference 9HM with respect to the walking vibrator \j/H'ls generated. 
Then, a walking support vibrator (application torque to the walker by 
a walking aid 200) T is generated based upon the second vibrator (y) 
and the walking vibrator (coxal angular velocity) \|/H. 
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^&:bz_i Km^^ hjv^ imym&smm'f-) xt^^^^ti^h (1112 s 9) o ^tLtij: 

[0121] 

#oT, 5is:^?gtcJ:tLJf (1) #tf#<^>#^f UXi^ (-^^tMHi^^h ' <^'JXa) <d 
[0 12 2] 

^<0<i:9l-s *^T';XA*s^ijjL;tt |;#^fMUXi^;65in^'if^^L'&:i5^^ii^i£L^ ^ 
fr'JXA ^) >r<7>^tT^i|>j«;XAtip#p-r* tv^oT^: J: 9 l-^fi"^ (A#:) ir^fi'iffiSlJ^tt 
(W) 2 0 0 i:<^)M« (^BSCD^*^ 19 ) Srllll!)#&o #oT. #=ff ^l::#^fi«l?J^M 

^fffiB&=Sr*m-e§ao f ';xA:6siijgi(tc^KiLT'b> ^=rf^s!j';XA*s.itLtc^ 

[0 1-2 3] 

tfz. ^nvXAt^h-mv :<J^t(0^mM^^^n^(Dmfi{km (HI 2^ EPA. 4 

) l-JS.CT^KjT&:g:it^^^fl a K^-difhti^h (1212 s 5 „ iatcj;!^, 

[0124] 

? ^ e d ■^^+K^^^fl&^tX' (1E12 s 5#HS) s #=ff V X i: ^^fflt 

&]'}Xj^ti}mm&:&m Oo) X{iitL^Ii^v^'e:;ffl^Sr;#L^ #^f#»^fffiliJ^a2 
0 0 «r^teS-r&?l^f#ff L#;2, (#^f^5fe^M<7)#ff) o ftag^£7t=B^5, 

S (^tfMI&^E^^Mc?5#^f) o 

[0125] 

#<7) M ^ ^ H IS D T $i tL# s o 
[0 12 6] 

i^v^T, fijiip->;^-r A 1 0 oici »9tij^^$*L^^=fT^aj^a2 0 0 <^mmmr^m<Df^^ 

(CO v>T HI 4 ~ m 9 =Srffi Tgiig-r i) o 
[0 12 7] 

111 4 > 0 5, 111 6 di ^^0. 0 [rad] , - 0. 2 [rad] , - 0 

. 5 [rad] Km&^fifzm^. 's&mmn^m (^nmm^) 95 « ' th)i^i> (mr 

[0128] 

ig 4 - HI 6 $ tLT v> S J: 9 #=ff MIO M $&^^J to M 4) ^S: < {i^ffl^>i»5J4:«eKl 

^4)?gi^i5^'S:J: 9 l^Mtp->;^-r A 1 0 0 Id J:ttff, #tT'J XA (~Ji&BII5:ftj$J^ ^ h ' 
<7)^I&UXa) i #tf^JS!i 'J X a (~ h T<7)mitj';XA) t<7)-fiAfflll$r, ii■gl=il;X• 
[0 12 91 

HI?, 13 8 IKi^^ri^MTH (*^) i:^tf1iMS5T„ (^^) t(7)m\ii3^B^ti 
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[0 13 0] 

^ fz X >, iz^^r^ (A#) t^fl^M^S (M) 2 0 0 t<Dmm imK<D0^^^) 
«riai?#*o ^i&oT. ^ff#Jc^^Tl«aj^a2 0 0 KXy)^(D^n7bm&}^iiX\y^:b:r.t 

[0 13 1] 
[0132] 

m9mt—:^<DmK^iyio (~iikg) ^hl. mmiy:^TJ» i o oKx^mrn^m 

■B2 0 0 <?5f!Jt|I5i^if^6<J^C ON/OF F^tL, Ko. t 3 -eMf^>&^U - ^ L/c 

iz a 0 Tli^h-fii^o 

[0133] 

Md'A^hmh'^^^Xo t^fiJfPv^^'.-r A 10 0 izX^^^Tm&^W.2 0 0(^f!JfP*5 0NJc>^ 
oTV^;!) i: I; JiMTM$a^'tt/N°9^ -:5^ Aii, ^^ftll^*«0 F Ftc^SroTi/^:?) i: |; J: «9 

•r^J:-9 i:i^=fT-r'&7t:4&^ MIISi<^*^ji^<^^3{)«:*:i <^j:&t^i>. fiJtli ;^ t" A 100 

[0 13 4] 

S>&^'±^(la) (lb) (7 a) ( 7 b ) <7>7 r • r^^JV • 'J^;w:i^^S^{c-g-^ tLTV^;i) 

7ti6-cS)So ap^. 'tei®6«)'iiEa<^Miiiic^js-ra^iMi!j^xL jic/'xr ^^^hsii 
:6«*a5:ic5ii32.<?*.-^-9;6^ib-c^>2>o '^^x. mm^m^^g<omwizxy). >^m<o^iz ( 

tt:;6^#l:: i &) n^^^^X\^^ ^m^Xi> . #=fT^#'ttA9 ^ - 3^ A<7)^^'fitiO$ ^J^;?. 
?>v^T{42fe;&Mlfil<7)#:^'JXA:*s|^#<^)ii'^#=ff.l-iai'>#=ff ^rUm-r-S) ^: tji^t?^ 

^ o 

[0135] 
[0136] 
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[0 1 3 7 ] _ 

ffllj^? tL&#tTMI&^:*^# < ^ (5 if > 7 T > • •r'Jl' • *°;i'>^jfl^#c7)^ i RX/m 2 SKj 
^x, y<7>^^tc#*#^^?^^:9-:^fl^ ( 1 a) (lb) (7a) (7b) #01) 

Wmi|j^^<75i±^tc#^#^^3l^m:9>:^|S^ (±^ (8 a) ~ (8 f ) #B3) ^-O^iill^ 

[0138] 

^^mMmx-limiUW]'f'xRV'^2mM'f-yt^^ (1 a) (lb) (7a) (7b) 

^mm^ m<oms.^\^Th:^^ nmrm ^£^h^^w^<D ^^j^m^s-^^^i^ k^^-^x^wu^^ 

[0139] 

95 „ ' ^s^BU^^ j(if,ijt (m 2 ^ep^ 1 ▼- 1 . ^ 1 ▼- 4 #93) , ^(D^m'Bm t L 
[0 14 0] 

m 95 H ^fifz^^ ( in 2 ^en^ 6 ▼#Hg) , ffio^ifeji^ig tLx yjv^ T(D^m^ 

r^txiiitl^J t LTJISKI5:^3lJK^H ' ^^ i^[l3S5> JBtll5S0<7) 
[0141] 

**ifeBil-e{4 r#tf^gbMtJ;^J t lxt^^^j^-^ 2 i o ^^LT#^f#^^#-^^ 

[0142] 

fz±X. :^^7^Mm&^:=-y h 1 4 0 i::<J: 19 -^<^/N°^->tc^o'^^T r 

[0143] 

mm} <DS\im\m^n-tzt^. m<^nmMmtLx^titm\]KXiiztiKm^x r#=fm 

h 1 5 0 l>^Xy)&^mKmr^^M^X^M- («nix.{*- 0. 2 [r a d] Ji^T) ^ 
^tT:*^'^^56^-C$)tLff+ («nJx.*^+0. 5 [rad] ^:k±) t ^j: & X ^ izMM^m^ e 
Tb^^'&^fiX^J:\^>o 

[0144] 
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[0 14 5] 
[0146] 

ttz^ :if^^m<omn'^ 7.7- j>, i o o<D^<r>%mwi''^t LT^ ^^ft^MSE^-y > 1 4 o 

# m«6<l=&^^(?5ife#H) <^+a(ll#^g (1 a) (lb) (7 a) (7 b) 

[0 14 7] 

[0 14 8] 

^ hK:^^m(OUm^y 7.y^ 1 0 0 (7)#<7)^ifeMt LT. ^l^U^cr - > 1 4 0 
^Sr^ifcc^^^^ i . j (I1I2#BS) W<7);ffl^^^Wi ^ , (8 a) ~ (8d) 

[0 1.4 9] 

[0150] 

[0151] 
[0152] 

[rad] mr) , TI^^STO§-e{i:+ (fnix.ff+0, 3 [rad] iik±) t^j:&X^K 
[0 15 3] 

[0154] 

tfz. :*:^^<3D$iJt|iv';^xA 1 0 0<75'ftfe<75*ife?^i^t LT, ^tr^^M ^ y h 1 4 0 
(^^lfl<)=&«ifc<7)!fe#:M) <75=ifK#iJ:g (_h^ (1 a) (lb) (7 a) (7 h) mW 
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[0 15 5] 

^ (1 a) (lb) m0m) ^m^-ri> [mimm^^=-y t^rm-cv^-cb j:^^ 

o 

[0 15 6] 
[0157] 

j (I2l2#ra) M<7)ffiM#afcwi / J (±jt (8 a) ~ (8d) #M) 

[0 1. 5 8 ] 

OHic^) ^Mfe-f-^ - iJ'SlJ^^:=.^y hj i:. -i5^?aiJS>3L^^y h 

; / i (±^ (8 a) ~ (8 d) #M) ^mm-r^ [m2mmmwj-=-y hj ^-it^T 

[0159] 
[0 16 0] 

J:</^o fiP^. i-fSfeSS^--;' h 1 6 0;5.?/^2|giftiP±fife^^'7 h 17 0 <P^mt^Tb^—\^i^ 
iti?tL:5)o ^ 1 »^ x 5^«#0igl|j^^Bg^- h 1 8 0 Utt^AitJ^tL (1112^ 

Enik2V^^P>^7V'^<^tt^#^T) ^ 4*0M|&^zm«/h>'V^'T5{»«^5c$*t;i, (H 2 s 8 

. s 9) o ^V^T, ^3^ffiM;3!:5c^--y h (!1^B&) i V) ^ ISKfS:^j£Jg (Mt» 

5&^'?^^?tL^o i<^±-e. ^'^^=~y h 1 6 o;&U*"0 2|gtll^^^^^^^7 h 1 7 0<^)^tg 

i)mu^ XI. ■mm<rf-mM.&n^ e ^ m2 5 w^m K^^s^m 2 mm^f- y :^>^^ 

B&^tLig, (112 s 6. 1 ~ s 6 , 3> s 7#BS) o tfz. W>2mWi^y (El 2 ^ep.A. 7 ▼ 

#fl^) t-*o*|i#0mi!i^z Jl0^hJ^^'T*5^^$^^;|, (112 s 8. s 9#m) o 

[0161] 

^^*JfiBill-J:tlff, h 1 6 o:S.U^IS2^|&^^^a.:r.^y h 1 7 0 <7>;^tg56>' 
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[0 16 2] 

2 0 0 <7)^^f^Kjlc i 19 . 0ff^m 'J bTt 'J "C^tf 1"* CI t :d^'-e§ 

& o 

[US] ^^m<Dmmi^y^TJ^<D-'^-m^MK^^^^fnmmu<Dmmm (^<d5) 

[^f-^.oii^] 

1 0 0 --^j^p-^Ti-r A, 1 1 0 ••^nmm^m&^-y 112 ■■^mm:^M}^mi^^ 

1 1 4 --IS^fiff^JKiailje^^';' 1 2 0 ••^IIMKj^^^^-^' h> 13 0-- 
m 1 ^fflHiBU^ J.- h . 14 0- -^^T^^cM^^- h . 150- -iftiS^Effi^^^^^ 
^y. 1 6 0 "i^tje^^^y 1 6 2 '■m2U^M^&^=-y h. 1 6 4 • •+aill#|fc^5E 

1 6 6 '-^l^lilj^^^^^y 1 6 8 •■^2^|3SJg;^^a.^-7 170 

■■■m2mWi'}-^^^=-y ^^ 1 8 o--^0Miij^>fefifea-:r.^y 1 9 O'-^^mmmm^ 

^m^^yh. 1 9 2 h JV^'^^JJ-^';^ 2 0 0 •■#^f^i®^®^ 2 10--T:J'^3. 

2 2 0 ••^|J^-fe>'-^f 
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